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(54) SEALED TYPE MOTORIZED COMPRESSOR AND REFRIGERATING DEVICE 



(57) A hermetic electric compressor including 
sealed container (1) and coil spring (101) provided for 
elastically supporting electric compression element (2) 
housed in sealed container (1). A consideration has 
been made to avoid the coincidence in the resonance 
frequency between coil spring (101) mounted with elec- 



tric compression element (2) and mechanical vibration 
caused by electric compression element (2), or a cavity 
formed in space (4). By so doing, creation of a resona- 
tion with coil spring (101) is suppressed; and noises and 
vibrations with the hermetic electric compressors are re- 
duced. 



FIG. 1 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a hermetic 5 
electric compressor for building a refrigeration unit of re- 
frigerator, automatic vending machine and the like ap 
. paratus. 

. BACKGROUND ART 10 

[0002] There have been several models of hermetic 
electric compressors designed for low- vibration and 
. low-noise application. (As for an examplo, refer to the 
patent document 1 , Japanese Patent No.2609713.) 15 
[0003] A conventional hermetic electric compressor 
taught in the above document is described referring to 
drawings. 

[0004] FIG. 12 shows the conventional hermetic elec- 
tric compressor, sectioned vertically, which is referred 20 
to in the patent document 1 . Referring to FIG. 12, sealed 
container 1 houses electric compression element 2 and 
coil spring 3 ; there is space 4 as well in the container. 
Coil spring 3 is engaged at both ends by snubber 5 pro- 
truding from electric compression element 2 side and 25 
sealed container 1 side; namely, electric compression 
element 2 is elastically supported by coil spring 3. 
[0005] The hermetic electric compressor has been 
designed to compress the R134a refrigerant, a typical 
HFC system refrigerant, whose ozone layer destruction 30 
factor is zero. 

[0006] FIG. 13 is noise characteristic chart of the con- 
ventional hermetic electric compressor, disclosed in the 
patent document 1 ; the lateral axis representing the 1/3 
octave frequency, the longitudinal axis the noise level. -35 
FIG. 14 details the noise characteristic shown in FIG. 
13; where, the lateral axis representing the frequency, 
the longitudinal axis the noise level. 
[0007] FIG. 15 shows resonance frequency charac- 
teristic of mechanical vibration generated by electric <o 
compression element 2 of the conventional hermetic 
electric compressoi, lite lateral axis representing the 
frequency, the longitudinal axis representing level of the 
acceleration. 

[00081 The natural resonance frequency due to me- 45 
chantcal vibration generated by electric compression el- 
ement 2 has been measured by running without load a 
hermetic electric compressor with the power supply fre- 
quency varied, and plotting the acceleration level meas- 
ured on electric compression element 2, on the frequen- 50 
cy axis. The resonance frequency due to mechanical vi- 
bration caused by electric compression element 2 is de- 
fined as a range of frequencies where the measured ac- 
celeration level (vibration level) reach the highest, In- 
cluding the foot areas of the peak in the higher and the ss 
luwer frequency regions. 

[0009] FIG. 16 shows resonance frequency charac- 
teristic of coil spring 3, in the state where electric com- 



pression element 2 is put on coil spring 3; the lateral axis 
representing the frequency, the longitudinal axis repre- 
senting the acceleration level. Also shown in the chart 
is a cavity resonance frequency formed in space 4, with 
R134a used as the refrigerant. 
[0010] The natu ral resonance frequency of coil spring 
3 ha3 been measured by running without load a hermet- 
ic electric compressor with the power supply frequency 
varied, and plotting the acceleration level measured on 
the surface of sealed container 1", on the frequency axis. 
The resonance frequency of coil spring 3 is defined as 
the range of frequencies where the measured acceler- 
ation level (vibration level) reaches the highest, includ- 
ing the foot areas of the peak in the higher and the lower 
frequency regions. 

[0011] Now in the following, operation of the above- 
configured hermetic.electric compressor is described: 
[0012] When power supply is turn ed ON , electric com- 
pression element 2 starts its operation of compressing 
refrigerant gas. Due to changes of loads and other fac- 
tors during the compression operation, electric com- 
pression element 2 generates mechanical vibrations 
which contain various frequencies. The mechanical vi- 
bration should cause big noises and vibrations if it is 
conveyed direct to sealed container 1. However, since- 
the elasticity of coil spring 3 absorbs vibration, the vi- 
bration which should have been conveyed to sealed 
cuntaiuer 1 is attenuated. Thus the noises and vibra- 
tions are reduced with the hermetic electric compres- 
sors. 

[0013] In the above-described configuration, howev- 
er, although the .mechanical vibrations generated by 
electric compression element 2 can be absorbed by the 
elasticity of coil spring 3, the noises and vibrations in- 
crease when resonance frequency of the mechanical vi- 
bration and that of coil spring 3 coincide, vibration of coil 
spring 3 is enhanced and resonates at the resonance 
frequency; the enhanced vibration is propagated to 
sealed container 1 causing noise and vibration of that 
frequency. Thus the hermetic electric compressors have 
had the noise and vibration problem. 
[0014] Now, a practical example is described/Refer- 
ring to FiG. 15 and FIG. 1 6, peak of resonance frequen- 
cy of the mechanical vibration generated by electric' 
compression element 2 resides at the neighborhood of 
540Hz, which approximately coincides with the peak of 
resonance frequency of coil spring 3 mounted with elec- 
tric compression element 2. Since resonance frequency 
of the mechanical vibration and that of coil spring 3 are 
in coincidence, the hermetic electric compressor exhib- 
its a noise peak at 540Hz, as shown in FIG. 14. 
[0015] On top of the above noise, another noise is 
generated by the following operation. 
[0016] Namely, in the conventional hermetic electric 
compressors, cavity resonance frequency formed in 
space 4 within sealed container 1 resides somewhere 
at the peak, inclusive of its foot areas, of resonance fre- 
quency of coil spring 3 mounted with electric compres- 
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sion element 2. 

(0017] Referring to FIG. 16. peak of the resonance 
frequency of coil spring 3 mounted with electric com- 
pression element 2 resides at the vicinity of 5bOHz. Alsu 
the cavity resonance frequency formed in space 4 ap- 
proximately coincides with the frequency. Furthermore, 
tho hermetic electric compressor has its noise peak in 
the neighborhood of 550Hz, as shown in FIG. 14. 
[0018] The reason for the above is as follows. The me- 
chanical vibration generated by electric compressiQn el- 
ement 2 vibrates coil spring 3 via upper snubber 5. This 
creates beating and rubbing between coil spring 3 and 
the upper and lower snubbers 5, The beating and rub- 
bing is applied on coil spring 3 as vibration energy. Then, 
coil spring 3 resonates at the inherent resonance fre- 
quency of coil spring 3 mounted with electric compres- 
sion element 2. As the result, noise is generated at the 
frequency, and the noise vibrates a cavity formed in 
space 4 of sealed container at the resonance frequency. 
Thus the noise with hermetic electric compressors is en- 
hanced. 

[0019] Furthermore, if cavity resonance frequency 
formed in space 4 of sealed container 1 coincides with 
the peak, including the foot areas, of resonance fre- 
quency of mechanical vibration generated by electric 
compression element 2 and resonance frequency of coil 
spring 3, resonation of coil spring 3 created by the me- 
chanical vibration provides a vibrating effects on space 
4. Thus the noise due. to resonation of the cavity is fur- 
ther increased with the conventional hermetic electric 
compressors. 

DISCLOSURE OF INVENTION 

[0020] The present invention offers a hermetic electric 
compressor which includes a sealed container and a coil 
spring for elastically supporting an electric compression 
element housed within the sealed container. In which 
compressor, resonance frequency of the coil spring 
mounted with the electric compression element does 
not coincide with resonance frequency of mechanical vi- 
bration caused by the electric compression element, or 
a cavity resonance frequency formed in a space within 
the sealed container. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

FIG. 1 is a cross sectional view of a hermetic electric 
compressor in accordance with a first exemplary 
embodiment of the present invention, sectioned 
vertically. 

FIG. 2 shows a front elevation of a coil spring in the 
first embodiment. 

FIG. 3 Is a resonai ice frequency characteristic chart 

of a coil spring in the first embodiment. 

FIG. 4 is a noise characteristic chart, which com- 



pares a hermetic electric compressor in the first em- 
bodiment and a conventional hermetic electric com- 
pressor. 

FIG. 5 is a detailed noise characteristic chart nf a 
5 closed-type electric compressor in the first embod- 
iment. 

FIG. 6 shows a cross sectional view of a hermetic 
electric compressor in accordance with a second 
exemplary embodiment of the present invention. 

10. FIG. 7 is a resonance frequency characteristic chart 
' of a coil spring used in a hermetic electric compres- 
sor in accordance with the second embodiment. 
FIG. 8 is a noise characteristic chart of a hermetic 
electric compressor in the second embodiment. 

15 .. FIG. 9 is a magnified view of a snubber and a coil 
spring in accordance with a third exemplary embod- 
iment of the present invention. 
FIG. 10 Is a resunance frequency chart, used to 
show how change in the resonance frequency is 

20 caused with a coil spring in the third embodiment. 
FIG. 11 shows hbW a refrigeration unit in accord- 
ance with a fourth exemplary embodiment of the 
present invention is structured. 
FIG. 12 shows a cross sectional view of a conven- 

25 tional hermetic electric compressor, sectioned ver- 
tically. 

FIG. 13 is a noise characteristic chart of a conven- 
tional hermetic electric compressor. 
FIG. 14 is a detailed noise characteristic chart of a 

30 conventional hermetic, electric compressor. 

FIG. 15 is a resonance frequency characteristic 
chart, showing a resonance created by mechanical 
vibration caused by electric compression element 
in a conventional hermetic electric compressor. 

35 FIG. 16 is a resonance frequency characteristic 
chart of a conventional coil spring. 

DETAILED. DESCRIPTION OF PREFERRED 
EMBODIMENTS 

40 

[0022] Exemplary embodiments of the present inven- 
tion are described in the following, with reference to the 
drawings. It is not the intention of these embodiments 
to limit the scope of the present invention. Those con- 
45 stituent portions identical to those of conventional de- 
vices are represented by using the same symbols, and 
detailed description of which portions is eliminated. 

(FIRST EXEMPLARY EMBODIMENT) 

50 

[0023] FIG. 1 shows a cross sectional view, vertically 
sectioned, of a hermetic electric compressor in accord- 
ance with a first exemplary embodiment. FIG. 2 shows 
a front elevation of a coil spring in the first embodiment. 
55 " [0024] FIG. 3 is a resonance frequency characteristic 
c^art of coil spring 101 mounted with electric compres- 
sion element 2 in- the first embodiment; the lateral axis 
representing frequency, while the longitudinal axis rep- 
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resenting acceleration level. Cavity resonance frequen- 
cy formed in space 4 is also shown, with two examples 
where R600a and R134a, respectively, are used as the . 
refrigerant. 

[0025] FIG. 4 compares a hermetic electric compres- s 
sor in the first embodiment and a conventional hermetic 
electric compressor in the noise characteristic; the lat- 
eral axis representing 1/3 octave frequency, while the 
longitudinal axis representing noise Jevel. Dotted line in- 
dicates a hermetic electric compressor in the first em- 10 
bodiment, solid line indicates a conventional hermetic 
compressor. FIG. 5 shows details of the noise charac- 
teristic in the first embodiment shown in FIG. 4; the lat- 
eral axis representing frequency, while the longitudinal 
axis representing noise level. 1$ 
[0026] Referring to FIG. 1 and FIG. 2, sealed contain- 
er 1 houses electric compression element 2 and coil 
spring 101, and is provided with space 4 in the inside. 
At both ends of coil spring 1 01 are snubbers 5 inserted 
thereto; each of the snubbers protruding from electric 20 
compression element 2 and sealed container 1, respec- 
tively. Thus, electric compression element 2 is elastical- 
ly supported by coil spring 101, 
[0027] The pitch of coil spring 101 in the first embod- 
iment is uneven, as shown in FIG. 2. It has a wider pitch 25 
"a" at the both end portions, and gradually gets narrower 
to become a narrow pitch "b" at the central portion; 
namely, it is wound in a coarse pilch at both end portions 
and the winding gets denser at the central portion, so 
coil spring 101 is top-bottom symmetry with respect to 30 
the center. 

[0028] Furthermore, a hermetic electric compressor 
in the first embodiment has been designed for com- 
pressing R600a, a representative refrigerant of hydro- 
carbon system, which is free of chlorine, fluorine, and 35 
the global-warming factor is zero. 
[0029] Now, operation of the above-configured her- 
metic electric compressor is described below. 
[0030] When powersupply is turned ON, electric com- 
pression element 2 starts compressing the refrigerant. 40 
As a result of compressing operation, electric compres- 
sion element 2 causes mechanical vibrations ot various 
frequencies. The level of vibration goes high at the 
neighborhood of 540Hz among other frequencies, or the 
peak resonance -frequency with the mechanical vihra- 45 
tion. 

[0031] While the mechanical vibration has its peak in 
the neighborhood of 540Hz, the resonance frequency 
of coil spring 101 mounted with electric compression el- 
. ement 2 resides at the neighborhood of 470Hz, where so 
acceleration level (vibration levei) of the mechanical vi- 
bration is low. Thus it is not in coincidence with the res- 
onance frequency of mechanical vibration caused by 
electric compression elements. So, coil spring 101 is 
not driven by the mechanical vibration to create a reso- 55 
nance. Thus, vibration due to resonation of coil spring 
101 hardly occurs, and noises and vibrations are re- 
duced with a closed-type electric compressor. 



[0032] Furthermore, since it uses R600a refrigerant, 
sonic velocity in the first embodiment is higher as com- 
pared with that when R134a refrigerant is used. As the 
result, a cavity resonance frequency formed in space 4 
of sealed container 1 shifts high.to the neighborhood of 
700Hz, from the neighborhood of 540Hz. The sonic ve- 
locity willi a refrigerant gas changes also in accordance 
with a change in the temperature or the pressure of the 
refrigerant, as indicated in (formula 1); and the resultant 
shift in the cavity resonance frequency is normally sev- 
eral tens of Hz. So, even after the shift in resonance 
frequency is taken place, the peak, inclusive of the foot 
areas, of coil spring 101's resonance frequency is resid- 
ing sufficiently away trom the cavity resonance 
frequency , as seen in FIG. 3.. 

(formula 1 ) 
U 85 *j constant) 

[0033] Avibration due to resonation of coil spring 101 
hardly occurs, and a gaseous column formed in space 
4 of sealed container is hardly put into resonation. Thus, 
resonating sound of cavity is reduced. Therefore, the 
noise can be further lowered with a hermetic electric 
compressor. 

[0034] Results of experiments conducted on the 
above-described uneven-pitched coil spring confirmed 
that, as seen in FIG. 3, peak level of the resonance fre- 
quency Of coil spring 101 mounted with electric com- 
pression element 2 became low and the resonance fre- 
quency shifted to as low as the neighborhood of 470Hz, 
while it maintained the elastic modulus at the same level 
as that of conventional even-pitched coil spring 3. 
[0035] It has been generally known that the peak level 
of coil spring 101's inherent resonance frequency goes 
low when the winding pitch is made to be uneven. In 
addition to the known phenomenon, it is inferred that in 
a coil spring wound at an uneven pitch the elastic mod- 
ulus becomes uneven with respect to an amount of dis- 
. placement. So, the vibration wave structure of conden- 
sation and rarefaction in coil spring 101 is broken, and 
resonance frequency goes low. . 

[0f)36J . In the present invention, ratio of pitch a to pitch 
b was decided to be; pitch a : pitch b = (1 .09 - 1 .60) :• 1 . 
As the result, peak level of coil spring 10Vs resonance 
frequency has been lowered, while the elastic modulus 
was kept at the comparable level as that of conventional 
even-pitched coil spring 3. If the value of pitch a against 
pitch b is in excess of 1.60, the difference of spring' con- 
stant within coil spring 101 becomes too large, and the 
amount of displacement grows big in the neighborhood 
of pitch b, where the spring constant is small. So, there 
would be a possibility that the spring wires get in direct 
contact to each other at the neighborhood of pitch b, and 
coil spring 1 01 would get broken due to vibration of com-, 
pressor or other factors. If the value of pitch a against 
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pitch b is smaller, than 1.09, uneven-pitched coil spring 
101's advantage in the noise reduction is diminished in 
relation to even-pitched coil spring 3. 
[0037] Althuuyh Ihe ratio is decided to be; pitch a : 
pitch b = (1 .09 - 1 .60) : 1 in the present invention, more 
preferably it should be pitch a : pitch b = (1 . 15-1 .40) : 1 . 
By so doing, the above-mentioned possibility of break- 
age with a coil spring can be avoided even when there 
is,a 2 - 3% dimensional dispersion in the manufacturing 
process. Thus the present invention offers a closed-type 
electric compressor that provides a greater advantage ' 
in the noise reduction. 

[0038] Relationship among a cavity resonance fre^ 
quency fi formed in space 4 within sealed container 1, 
sonic, velocity V with refrigerant gas and length L of , 
space 4 is represented in (formula 1). 
[0039] The relationship among resonance frequency 
f 2 of coil spring 101, wire diameter U of coil spring 101, 
effective, number of turns Na and inner diameter D is 
represented in (formula 2). 

(formula 2) 
N 0 XD 2 

[0040] Even when R134a refrigerant is used in the 

t first embodiment, the peak, inclusive of the foot areas, 
of resonance frequency of coil spring 1 01 mounted with 
electric compression element 2 is sufficiently away from 
the cavity resonance frequency formed In space 4 wilhir i 
sealed container 1, as seen in FIG. 3. Therefore, the 

\ resonation sound of cavity is suppressed. 
[0041] There is another approach for avoiding the co- 
incidence of resonance frequencies between coil spring 
3 mounted with electric compression elements and a 
cavity formed in space 4, whose resonance frequency 

: is determined depending on the size of sealed container 
1 as indicated in (formula 1). That is changing the cavity 
resonance frequency formed in space 4. However, mod- 

.; ifying the size nf a sealed container 1 is not an easy 
assignment because it leads to not only design modifi- 
cation of a hermetic electric compressor itself but it also 
makes it unavoidable to extensively re-design refriger- 
ation unit of refrigerators, automatic vending machines, 
etc. 

[0042] In the first embodiment of the present inven- 
tion, however, the coincidence in resonance frequency 
with a cavity formed in space 4 of sealed container 1 
can be avoided through a simple modification of coil 
spring 101 alone. Thus the low noise-level design can 
be implemented easily. 

[0043] As the general principle shown in (formula 2), 

• the resonance frequency of coil spring 101 can be low- 

• ered by either making wire diameter d smaller, increas- 
ing effective number of turns Na or increasing inner dW 
ameter D. However, this invites a lowered elastic mod- 



ulus. Then, coil spring 1U1 shrinks a great deal due lo 
the weight of electric compression element 2, which 
leads to an unwanted mechanical contact of electric 
compression element 2 with sealed container 1 and 

5 generation of abnormal sounds. If the wire diameter d 
is thinned, stress increases to a deteriorated reliability. 
If the effective number of turns Na is increased, total 
length of coil spring 101 increases, which leads to an 
increased overall height of sealed container 1, and a 

io problem of oversized hermetic electric compressor aris- 
es. 

[0044] On the other hand, if coil spring 101's reso- 
nance frequency is to be made higher, wire diameter d 
may be increased, effective number of turns Na may be 

*5 ... decreased or inner diameter D may be made to be 
smaller. However, this invites an increased elastic mod- 
. ulus, so the amount of mechanical vibration generated 
by electric compression clcmont 2 that can be absorbed 
by the coil spring decreases, while the amount of vibra- 

20 tion conveyed to sealed container 1 increases, which 
creates a problem of increased noises and vibrations 
with a hermetic electric compressor. 
[0045] However, uneven-pitched coil spring 101 used 
in the first embodiment can lower the resonance fre- 

25 quency without sacrificing the elastic modulus and the 
reliability. Therefore, the 'problem of abnormal sounds 
due to mechanical contact between electric compres- 
sion element 2 and sealed container 1 caused by a low- 
ered elastic modulus and the problem of a deteriorated 

30. reliability due to the increased stress are avoidable. The 
problem of oversized hermetic electric compressor due 
lu the increased length of coil spring 101 can also be 
avoided. Furthermore, the problem of increasing noises 
and vibrations with a hermetic electric compressor due 

35 to the increased elastic modulus of coil spring 101 can 
be avoided either. 

[0046] Furthermore, since coil spring 101 has been 
wound to have a. top-bottom symmetry in the coiling 
pitch, the operation of coupling with snubber 5 can be 
40 performed regardless of the top-bottom orientation of 
coil spring 101 .This is another advantage in the assem- 
bly of hermetic electric compressors. 

(SECOND EXEMPLARY EMBODIMENT) 

45 

[0047] FIG. 6 shows cross sectlona l view of a hermet- 
ic electric compressor in accordance with a second ex- 
emplary embodiment. 

[0048] Being different from coil spring 101 in the first 
so embodiment, coil spring 24 in the second embodiment 
has a lowered elastic modulus. 
[0049] FIG. 7 is a resonance frequency characteristic 
chart of coif spring 24 mounted with electric compres- 
• sion element 2 of a hermetic electric compressor in ac : 
55 cordahce with. second embodiment; the lateral axis rep- 
resenting frequency, while the longitudinal axis repre- 
senting acceleration level. A cavity resonance frequen- 
cy formed in space 4 is also shown in the chart. 
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[0050] FIG. 8 shows measured noise level of a her- 
metic electric compressor in the second embodiment; 
the lateral axis representing frequency, while the longi- 
tudinal axis representing noise level. 
[0051] Referring to FIG. 6, sealed container 1 houses 
electric compression element 2 and coil spring 24, and 
is provided with space 4 inside the container. At both 
ends of coil spring 24 are snubbers 5 inserted thereto; 
each of the snubbers is protruding from electric com- 
pression element 2 and sealed container 1; respectively. 
Electric compression element 2 is thus supported etas- 
tically by coil spring 24. 

[0052] Defining sonic velocity within space 4 in sealed 
container 1 as V, a cavity resonance frequency formed 
in space 4 is inversely proportional to length L of space 
4 of sealed container 1, as exhibited in (formula 1). 

(formula 1) 
f, =K^(K: constant} 

[0053] FIG. 7 shows inherent resonance frequency of 
coil spring 24 mounted with electric compression ele- 
ment 2. The chart has been provided by running without 
load the hermetic electric compressor varying the oper- 
ation frequency, and plotting the vibration level meas- 
ured on the surface of sealed container 1 on the frequen- 
cy axis. 

[0054] Resonance frequency of coil spring 24 mount- 
ed with electric compression element 2 is defined, 
based on the results made available by the above meas- 
urement, as the range of peak frequency/where the vi- 
bration level reaches the highest, including the foot ar- 
eas at both the higher and the lower frequency regions. 
The resonance frequency in the present example has 
the foot area of approximately 50Hz in both the higher 
and the lower frequency regions. 
[0055] Sonic velocity with a refrigerant shifts depend- 
ing on the changes in temperature and pressure, which 
shift affects the a cavity resonance frequency formed in 
3pace 4 of sealed container 1 . Resultant change in the 
resonance frequency is a fluctuation of several tens of 
Hz. 

[0056] In the present second embodiment, coil spring 
24 having a lowered elastic modulus is employed so that 
the peak of coil spring 24's resonance frequency is 
raised to be higher than that of the cavity by approxi- 
mately 200Hz. Thereby, it would not coincide with a cav- 
ity resonance frequency. 

[0057] Now in the following, operation of the above- 
configured hermetic electric compressor is described. 
[0058] Mechanical. vibration caused by electric com- 
pression element 2 vibrates coil spring 24 via snubber 
5. This creates beating and rubbing with the upper and 
the lower snubbers 5. The beating and rubbing are ap- 
plied on coil spring 24 as a vibrating energy. Coil spring 
24 resonates at the inherent resonance frequency of coil 



spring 24 mounted with electric compression element 2. 
This creates a noise of the above frequency. 
[0059] The noise is conveyed to space 4 of sealed 
container 1 . However, since the peak frequency is high- 
5 er by 200Hz than cavity resonance frequency formed in 
space 4, it is totally out of the scope of resonance fre- 
quency range including foot area of approximately 50Hz 
existing in both the higher and the lower frequency re- 
gions, taking the fluctuation of several tens of Hz in the 
10 cavity resonance frequency into consideration. There- 
fore, the noise would not' excite the cavity resonance, 
and travels along space 4 within sealed container 1 and 
reaches sealed container i after being attenuated. 
. [0060] Thus, a cavity formed in space 4 Of sealed con- 
*s tainer has no source of vibration for reso nation, and a 
. hermetic electric compressor of reduced cavity reso- 
nance sound is offered. 

[0061] Furthermore, in the present second embodi- 
ment, coil spring 24 of lower "elastic modulus is used for 

20 .making the inherent resonance frequency of coil spring 
24 mounted with electric curnpresslon element 2 to be 
different from a cavity's resonance frequency. As the re- 
sult, coil spring 24 absorbs more amount of mechanical 
vibration caused by electric compression element 2, as 

25 compared with a case where coil spring 24 of higher 
elastic modulus is used. So, the vibration conveyed to 
sealed container 1 is significantly attenuated, and vibra- 
tions and. noises with a hermetic electric compressor are 
reduced further. Thus, the present invention offers a her- 

30 metic electric compressor whose vibration is low and the 
noise is also iow. 

[0062] There is another approach for avoiding the co- 
incidence of resonance frequencies between coil spring 
24 mounted with electric compression element 2 and a 

35 cavity formed in space 4, whose resonance frequency 
is determined depending on kind. of refrigerant and the 
size of sealed container 1. That is changing the cavity 
resonance frequency formed in space 4. However, em- 
ploying a different refrigerant or modifying the size of 

<o sealed container 1 is not an easy assignment because 
it leads to not only design modification of a hermetic 
electric compressor itself but It also maKes it unavoida- 
ble to extensively re-design refrigeration unit of refriger- 
ators, automatic vending machines, etc. 

45 [0063] In the present second embodiment, however, 
the coincidence in resonance frequency with a cavity 
formed in space 4 of sealed container 1 can be avoided 
through a simple modification of coil spring 24 alone. 
Thus the low noise-level design can be implemented 

50 easily. 

[0064] Furthermore, there are various designing mod- 
els for a hermetic electric compressor, which employ 
sealed container 1 of different sizes, different kinds of 
refrigerant gas, different electric compression elements 
55 of different weights, etc. For each of such models, the 
structure of no-colncldence with a cavity resonance fre- 
quency formed in space 4 of sealed container 1 can be 
realized by simply changing coil spring 24 alone. Thus, 
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a iow-noise design can be implemented with ease in ac- 
cordance with the present invention. 

(THIRD EXEMPLARY EMBODIMENT) 

[0065] FIG. 9 is a magnified cross sectional view of 
snubber 25 and coil spring 124 in a third exemplary em- 
bodiment. 

[0066] FIG. 10 is a resonance frequency characteris- 
tic chart, which shows results of measurement on rela- 
tionship between contacting length of snubber 25 with 
inner diameter of coil spring 124 and the resonance fre- 
quency, and a cavity resonance frequency formed in 
space 4 within sealed container 1; the lateral axis rep- 
resenting contacting length of snubber 25 with inner di- 
ameter of coil spring 124, the longitudinal axis repre- 
senting resonance frequency. 

[0067] Referring to FIG. 9, snubber 25 In the present 
third embodiment, which is basically the same as that 
used in a hermetic electric compressor in the first em- 
bodiment, has a shorter length in its.straifjht appearance 
portion 25a, so that the length of snubber 25 having con- 
tact with inner diameter of coil spring 124 becomes 
shorter. 

[0068] In FIG. 10, lengths of snub bar 25 having con- 
tact with inner diameter of coil spring 124 have been pro- 
vided by changing the length of straight appearance por- 
tion 25a of snuhher ?5. Resonance frequency was 

• measured for the varied lengths. The shorter the length 
of straight appearance portion 25a, the higher the res- 
onance frequency with coil spring 124. in the present 
third embodiment, resonance frequency of coil spring 
124 has been set to be higher than that of cavity by 

: 100Hz. 

[0069] Operation of the above-configured hermetic 
electric compressor is described below. 
[0070] The resonance frequency of coil spring 124 
mounted with electric compression element 2 has been 
set at a point which is higher by 100Hz than that of a 
cavity formed in space 4 of sealed container 1, by re- 
ducing the contacting length of straight appearance por- 
tion 25a with inner diameter of coil spring 124. 
[0071] Consequently, the sound created by reso- 
nance frequency of coil spring 1 24 mounted with electric 
compression element 2 does not excite a cavity reso- 
nance frequency formed in space 4 within sealed con- 
tainer 1, but it travels along space 4 of sealed container 
1 and reaches sealed container 1 after being attenuat- 
ed. Thus the noise with hermetic electric compressor 
has been reduced. 

[0072] There is another approach for avoiding the co- 
incidence of resonance frequencies between coil spring 
124 mounted with electric compression element 2 and 
a cavity formed in space 4, whose resonance frequency 
is determined depending on kind of refrigerant and the 
size of sealed container 1 . That is changing the cavity 
resonance frequency formed in space 4. However, em- 
ploying a different refrigerant or modifying the size of 



sealed container 1 is not an easy assignment because 
it leads to not only design modification of a hermetic 
electric compressor itself but it also makes it unavoida- 
ble to extensively re-design refrigeration unit of refrigpr- 

5 ators, automatic vending machines, etc. 

[0073] In the present third embodiment, however, the 
coincidence of coil spring 124's resonance frequency 
with that of a cavity formed in space 4 of sealed contain- 
er 1 can be avoided through a simple modification of 

10 -lower snubber 25 in its straight appearance portion 25a 
alone. Thus, the cavity formed in space 4 of sealed con- 
tainer 1 has no source of vibration for resonation, and a 
hermetic electric compressor of low cavity resonance 
. sound is offered. 

15 [0074] Furthermore, there are various designing mod- 
els for a hermetic electric compressor, which employ 
sealed container 1 of different sizes, different "kinds of 
refrigerant gas, different electric compression elements 
of different weights', etc. For each of such models, the 

20 structure of no-coincidence with cavity resonance fre- 
quency formed, in space 4 of sealed container 1 can be 
realized by simply changing coil spring 124 alone. Thus, 
a low-noise design can be implemented with ease in ac- 
cordance with the present invention. 

25 . 

(FOURTH EXEMPLARY EMBODIMENT) 

[0075] FIG. 11 shows a structure of a refrigeration unit 
in accordance with .a fourth exemplary embodiment. 
30 [0076] Referring to FIG. 11 , compressor 11 , condens- 
er 12, expansion device 13, drier 14 and evaporator 15 
are coupled by means of piping for allowing a fluid lo 
circulate. 

[0077] Operation of the above-configured refrigera- 

35 tion unit is described below. 

[0078] As to the noises originating from compressor 
11, in addition to those radiated to outside direct from 
compressor 11 , some are propagated through the inside 
of the piping to other elements constituting the refriger- 

40 ation unit, which have been coupled together by the pip- 
ing. These noises are conveyed to evaporator 15 side, 
in whir.h the pressure pulsating of refrigerant gas is 
small, and reverberate .in the spacious inside of evapo- 
rator 15. The sound at evaporator is discharged direct 

45 toward outside. However, since compressor 11 has a 
low cavity resonating sound, the noises originating from 
compressor 1 1 and propagating to evaporator 1 5 via the 
inside of piping are small. Thus, a low-noise refrigeration 
unit is offered. 

50 [0079] A hermetic electric compressor in the present 
invention reduces the creation of a resonation- by coin- 
cidence of coil spring resonance frequency and reso- 
nance frequency of mechanical vibration. Thus, a low- 
noise and low-vibration configuration is implemented for 

55 the hermetic electric' compressors. 

[0080] A hermetic electric compressor in the present 
invention reduces the creation of a resonation by coin- 
cidence of coil spring resonance frequency and cavity 
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resonance frequency formed in the space. Thus, a low- 
nose and low-vibration configuration is implemented for 
the hermetic, electric compressors. 

INDUSTRIAL APPLICABILITY 

[0081] Creation of a resonation with a coil spring due 
to mechanical vibration caused by an electric compres- 
sion element can be avoided in a hermetic electric com- 
pressor in accordance with the present invention, and 
the resultant noises and vibrations .are reduced. There- 
fore, the compressor can be used also in a refrigeration 
showcase, a dehumidifying apparatus, etc. 

Claims 

1. A hermetic electric compressor comprising 

a sealed container, and 
a coil spring for elastically supporting an efec- 
trio compression element housed within the sealed 

container; wherein 

resonance frequency of the coil spring mount- 
ed with the electric compression element does not 
coincide with resonance frequency of mechanical 
vibration caused by the electric compression ele- ■ 
ment. 

2. The hermetic electric compressor of claim ^where- 
in 

resonance frequency of the coil spring does 
not coincide with a cavity resonance frequency 
formed in a space within. the sealed container. 

3. A hermetic electric compressor comprising 

a sealed container, and 

a coil spring for elastically supporting an elec- 
tric compression element housed within the sealed 
container; wherein 

resonance frequency of the coil spring mount- 
ed with the electric compression element does not 
coincide with. a cavity resonance frequency formed 
in a space within the sealed container. 



7. The hermetic electric compressor of claim 6, where- 
in 

the coil spring has . a top-bottom symmetry 
with respect to the center. 

5 

8. The hermetic electric compressor recited in one of 
claims 1 through 7, further comprising a hydrocar- 
bon refrigerant which is free of chlorine, fluorine. 

10 9. The hermetic electric compressor recited in one of 
claims 1 through 8, wherein 

among the designing models each of which 
having different cavity resonance frequency or elec- 
tric compression element of different weight, the co- 

« incidence in resonance frequency between the coil 
spring and the cavity, or the mechanicaLvibration, 
can be avoided by replacing the roil spring with oth- 
er one. 

20 10. The hermetic electric compressor recited in one. of 
claims 1 through 8, further provided with a snubber 
protruding from the electric compression element, 
side and a snubber protruding from the sealed con- 
tainer side,, which snubber is to be inserted to the 

25 coil spring at both ends; wherein 

among the designing models each of which 
having different cavity resonance frequency or elec- 
tric compression element ot different weight, the co- 
incidence in resonance frequency between the coil 

30 spring and the cavity can be avoided by changing 
length of a portion of the .snijhher, which portion . 
making contact with inner diameter of the coil 
spring. 

35 11. A refrigeration unit comprising a compressor, a con- 
denser, a drier, an expansion device and an evap- 
orator; wherein 

the Compressor is a hermetic electric com- 
pressor recited in one of claims 1 through 9. 



4. The hermetic electric compressor of claim 2 or claim 45 
3, wherein 

the peak of resonance frequency of the coil 
spring and the cavity resonance frequency are sep- 
arated from each other for at least 100Hz. 

50 

5. The hermetic electric compressor recited in one of 
claims 2 through 4, wherein 

resonance frequency of the coil spring is high- 
er than the the cavity resonance frequency. , 
* * . 55 

e. The hermetic electric compressor recited |n one of 
. claims 1 through 5, wherein 

• the coil spring is uneven-pitched. 
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FIG. 4 
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Conventional hermetic electric compressor 
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FIG. 6 
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Resonance frequency, embodiment 2 

Cavity resonance frequency in sealed 
container 
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Noise, conventional hermetic electric compressor 
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FIG. 9 
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FIG. 13 
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FIG. 15 



Resonance frequency, mechanical vibration 
due to electric compression element 
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R134a cavity resonance frequency 
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Reference numerals in the drawings 

1 Sealed container 

2 Electric compression element 
3,24,101,124 Coil spring 

4 Space 
5,25 Snubber 
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